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USE OF N ON -MAGNETIC PATHS FOR AN 
ELECTRONIC MODULE INTENDED FOR A TIMEPIECE 

The present invention concerns a timepiece including in particular a 
functional unit including magnetised masses, an electronic module including a 
support with conductive paths connected to at least one integrated circuit. 

In particular, the object of the present Application concerns a timepiece 
5 wherein said functional unit is a microgenerator which is not shielded laterally. 

Hereinafter in this Application, " non-magnetic " material means a 
material which is not ferromagnetic, which is not or only very slightly 
paramagnetic, and which may have a slight diamagnetism. Likewise, " in 
proximity to the microgenerator " means the entire peripheral region of the 
1 0 microgenerator in which the magnetic flux of the magnetised masses has a 
significant value. 

The operating principle of such a watch movement is described in 
particular in Swiss Patent No. 597636 and European Patent No. 851 322, the 
teaching of which is incorporated herein by reference. Swiss Patent No. 

1 5 597636, for example, discloses a watch movement wherein a spring, via a set 
of gears, drives hands, on the one hand, and a generator generating an ac 
current, on the other hand. The generator powers an electronic circuit 
including in particular a stabilised quartz oscillator which allows the working of 
the generator, and thus the working of the hands, to be regulated. Such a 

20 watch consequently combines the advantages of a mechanical watch with the 
precision of a quartz watch. 

However, while seeking to develop a product of this type, the Applicant 
observed the existence of sources of magnetic disturbance within the watch 
movement. Indeed, the advantage of such a timepiece increases when its 

25 energy consumption decreases, i.e. when for example the generator yield 
increases. Starting from this observation, the Applicant has proved that 
ferromagnetic masses located in proximity to the generator exert a parasitic 
magnetic force on it, thus decreasing its yield. 

The object of the present invention is thus to improve the 

30 aforementioned type of timepiece while avoiding the drawbacks described 
above, in particular owing to a simple improvement which is inexpensive to 
manufacture. 
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The invention thus concerns a timepiece of the type indicated 
hereinbefore characterised in that at least the conductive paths located in 
proximity to said functional unit have non-magnetic properties. 

In a particular embodiment, said conductive paths include a layer of a 
5 good electrically conductive material deposited on the substrate of the printed 
circuit and surmounted by a protective layer. This protective layer is also made 
of a non-magnetic material, in accordance with the present invention, 
preferably a nickel based non-magnetic material. 

According to another embodiment of the invention, the conductive 
1 0 paths further include an underlayer intended to improve the adherence of the 
layer of good electrically conductive material on the printed circuit substrate. 
This underlayer is preferably made of a nickel based non-magnetic material. 

The invention will be explained in more detail with the aid of the 
following description of an example embodiment made with reference to Figure 
1 5 1 which is a simplified top view of the movement partially mounted in a 
timepiece including a generator. 

Figure 1 shows a view of the generator 1 , including a rotor 2 having two 
flanges 3, only one of which is shown, arranged on either side of three flat 
coils 4 forming the stator and offset substantially by 120 degrees in relation 
20 to each other relative to the axis of rotor 2, in a same orthogonal plane as the 
latter. 

Six magnets 5 are fixed radially and at regular intervals on each flange 

3, facing coils 4. The polarity of two consecutive magnets 5 is opposite. 
Moreover, the faces facing each other of the superposed magnets 5 have 

25 opposite polarities. A printed circuit 6 acts as a support in particular for coils 

4, for an integrated circuit 7, for a quartz 8 and for electrically conductive 
paths 9. 

Low power consuming integrated circuit 7 is powered by electric 
generator 1 - formed of the assembly of arbour 1 0 of rotor 2, flanges 3, 
30 magnets 5 and coils 4 - driven via a kinematic link 1 1 by a barrel device 1 2. 
The mechanical energy stored in barrel 1 2 thus drives rotor 2. The passage of 
magnets 5 in proximity to coils 4 generates a substantially sinusoidal induced 
voltage across the terminals of the coils. 

The Figure shows that electrically conductive paths 9 carried by 
35 electronic module 6 are present over a large part of the periphery of generator 
1 and thus in proximity to magnets 5 of rotor 2. 
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In the prior art, said electrically conductive paths 9 are typically made in 
two steps. The first step consists in depositing a layer of a very good 
electrically conductive material, such as a copper or gold based alloy. The 
second step then consists in depositing a fine protective layer, on the 
5 conductive layer, formed of a nickel based alloy with good resistance to 
oxidisation. Sometimes an underlayer is deposited on the substrate before 
depositing the conductive layer. This underlayer, usually formed of a nickel 
based alloy, allows the adherence of the conductive layer to the substrate to 
be improved. It will be noted that the nickel based underlayer also acts as a 
1 0 barrier against the diffusion of the metal from the conductive layer in the 
direction of the support. 

Within the scope of the present invention, it was shown that the nickel 
based alloy usually used to form the protective layer has ferromagnetic 
properties. 

1 5 The Applicant observed, during his research work, that despite the small 

dimensions of electrically conductive paths 9, they disturb the operation of 
generator 1 when they have magnetic properties and are located in the 
peripheral regions of said generator. 

Surprisingly, research has shown that even when the conductive layer is 
20 made of gold or copper, which are non-magnetic metals, the single nickel 

based ferromagnetic protective layer decreases the generator yield and thus 
the power-reserve available for the timepiece. 

Indeed, because of its ferromagnetic properties, the conventional nickel 
based alloy may, via the effect of the magnetic field, pick up in part the 
25 magnetic flux from rotating magnets 5, which brakes the generator. 

The solution to the aforecited problem thus consists in only using 
materials which do not have ferromagnetic properties to make the electrically 
conductive paths, in particular for making the protective layer. 

One may, in particular, use a nickel based alloy containing phosphorus 
30 for this purpose, since for certain values of its composition the alloy obtained 
does not have magnetic properties. One could use other materials to replace 
the nickel, such as palladium for example certain alloys of which also have non- 
magnetic properties. 

It should be noted that the reasoning hereinbefore can also be applied in 
35 the event that the electrically conductive paths comprise an adherence 
underlayer. Said underlayer is then preferably made of a nickel based non- 
magnetic alloy. 
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Since the making of electronic module 6 does not itself form the core of 
the invention, it will not be developed in more detail in the present Application. 
Those skilled in the art can refer in particular to US Patent No. 5,569,545 
disclosing examples of alloys used in the printed circuit design. 
5 According to a variant of the invention, all of paths 9 can be made of 

one or more materials which do not have magnetic properties, resulting in a 
simplification of the manufacturing process of electronic module 6. 

According to a variant of the invention, in the event that electronic 
module 6 also carries discrete electronic elements, such as a capacitor 1 3, 
1 0 said discrete electronic elements may also be exclusively formed of materials 
with essentially non-magnetic properties. 

Multiple applications may be imagined in the horological field, for 
selecting entirely non-magnetic paths according to the invention. Indeed, the 
use of said paths was described in the case of a timepiece operating with a 
1 5 generator, but one may also use such paths in any other type of timepiece 
with sensitivity to magnetic disturbance. The invention may in particular be 
implemented in a timepiece whose functional unit is a compass, or in any other 
type of timepiece implementing means interacting with an external magnetic 
field, in particular for the purpose of detecting it. 



